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ABSTRACT 
HIV-1 entry requires not only CD4 molecule but also CCR5 (CD 195) and CXCR4 (CD 184) co-
receptors. A number of randomised controlled trials in Africa have reported that male circumcision 
(MC) reduces the risk of HIV-1 acquisition by up to 60%. Other studies have reported that sexually 
transmitted infections (STIs) increase the risk of infection by HIV via an inflammatory recruitment 
of more HIV target cells to the foreskin. Our aim was to compare the density of HIV-1 co-receptors 
(CCR5 and CXCR4) in naïve penile prepuce of neonates and penile prepuce of adults with and 
without history of ulcerative STIs at Male Circumcision Centres in Lusaka, Zambia.  Twenty (20) 
fresh foreskin samples were included: five (5) from neonates, ten (10) from adult males without 
history of ulcerative STIs and five (5) from adult males with a history of ulcerative STIs. 
Immediately following MC, fresh foreskin specimens were fixed using 10% normal buffered formalin 
and transported to University Teaching Hospital (UTH) where tissues were processed and stained 
with anti-CD 195 and anti-CD 184 antibodies. Neonatal penile foreskin co-receptor mean density for 
CCR5 and CXCR4 was 13±5.148/mm2 and 7±1.581/mm2 respectively. CCR5 mean density of adults 
without past history of ulcerative STIs was 42.1±11.874/mm2 while those with history of ulcerative 
STIs was 78.6±13.520/mm2. Densities of CCR5 were all statistically significant with both having P-
value of 0.000. CXCR4 mean density was 18.6±4.812/mm2 in adults without past history of 
ulcerative STIs and 23.4±4.393/mm2 in those with history of ulcerative STIs giving an insignificant 
P-value of 0.084. It could be concluded that CCR5 co-receptors provide major entry route for HIV-1 
in male adults and that CCR5 seemed to be mobilized more than CXCR4 to the prepuce during 
inflammation. This supports evidence that MC reduces CCR5 co-receptors for acquisition and 
transmission of R5 strains of HIV-1.  
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INTRODUCTION 
HIV/AIDS is a global pandemic. As of 2016, 
approximately 36.7 million people were living 
with HIV globally of which 53% (19.4 million) 
were in Eastern and Southern Africa 
representing the hardest hit area (UNAIDS 
Fact Sheet, 2017).  
A number of randomised controlled trials in 
Africa and other countries have reported that 
male circumcision (MC) reduces the risk of 
HIV-1 acquisition and transmission (Maibvise 
et al., 2014; McCoombe et al., 2006; Parana 
et al., 2014; Szabo et al., 2000; Weiss et al, 
2011). The World Health Organization (WHO) 
actually report that this reduction is by up to 
60% (UNAIDS/WHO, 2007). Other studies 
(Anderson et al., 2011; Dickerson et al, 1996; 
Jeanne et al., 2007) have reported that 
sexually transmitted infections (STIs) increase 
the risk of acquisition and infection of HIV by 
an inflammatory recruitment of more HIV 
target cells to the foreskin. 
A lot of research has been done on how HIV 
enters into host cells (Bernard et al., 1984; 
Gao et al, 1999; Sousa et al., 2016). These 
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cells include T helper cells, dendritic cells 
(DCs), macrophages and monocytes. The 
studies have revealed that these cells have 
the cluster of differentiation 4 (CD4) receptor 
molecules on their cell membranes and it is 
this unique molecule that is required for entry 
by the HIV virus.  
However, binding of the HIV-1 virus to the 
CD4 receptor on host cells alone is not 
sufficient for entry/infection. Molecules called 
co-receptors are also needed to act as doors 
and allow the HIV virus to enter the host cell. 
The most important co-receptors for HIV virus 
entry are the beta-chemokine C-C motif 
receptor 5 (CCR5) and the alpha-chemokine 
C-X-C motif receptor 4 (CXCR4) (Moriuchi et 
al., 1997). 
The CCR5 receptor is the principal co-receptor 
for the R5 strains of HIV whereas the X4 
strains of HIV-1 exploit the CXCR4 receptor 
(Dragic et al., 1996). These R5-dependent 
viruses are the strains predominantly 
responsible for the majority of the sexually 
transmitted HIV-1 harboured within 
macrophages, dendritic cells, and activated or 
memory T cells whereas the X4 strains are 
responsible primarily for disease progression 
and, less frequently, primary transmission.   
Most of the studies that recommend male 
circumcision (MC) as a protective means 
against heterosexual HIV acquisition, 
transmission and infection are based on meta-
analysis of epidemiologic studies and not on 
adequate laboratory scientific data. Very few 
studies (Jiang et al., 2015; Liu et al., 2016; 
Mc Coombe et al., 2006) in selected regions 
of the world have looked and reported on HIV 
receptor distribution and density in the 
epithelia tissue that come in first contact with 
the HIV virus. 
Furthermore, contrasting results have been 
reported depending on geographical location 
where the study was carried out. Thus, 
additional similar studies have been 
recommended to be done from different 
ethnic and geographic populations to address 
this issue as they suggest the results could be 
affected by factors such as race, ethnicity and 
age. 
No studies have been done in Zambia to 
support increased predisposition to HIV 
infection upon contracting ulcerative STIs in 
males. We compared the density of HIV-1 co-
receptors (CCR5 and CXCR4) in the penile 
prepuce of neonates and adults with and 
without history of ulcerative STIs at Male 
Circumcision Centres in Lusaka, Zambia.   
 
METHODOLOGY 
The study was carried out at designated male 
circumcision centres in Lusaka district of 
Zambia.  
Twenty indigenous black male neonates and 
adults above the age of 18 years with and 
without history of ulcerative STIs coming for 
elective male circumcision were included 
based on the non-probability sampling 
method. This consisted of foreskins from 5 
male neonates, 10 adult males without history 
of ulcerative STIs and 5 adult males with 
history of ulcerative STIs. Similar smaller 
sample sizes have been used in other past 
immunohistochemistry studies (Kaile et al., 
2015; McCoombe et al., 2006; Paydas et al., 
2004). 
The study compared the density of HIV-1 co-
receptors in the prepuce of neonates and 
adult males with or without a history of 
ulcerative STIs. A short questionnaire was 
administered to determine the social 
demographic variables and the reasons for 
circumcision. Adults were further asked if they 
had a history of contracting ulcerative STIs 
and whether they received treatment. To 
ensure validity and reliability, the same 
interview schedule and method of collecting 
and processing specimens and data was used 
for all study participants.            
The data collected was entered and stored 
into the data editor of IBM® SPSS® and 
statistically analysed using IBM SPSS Statistics 
for Windows Version 20.0 (IBM Corp. Armonk, 




NY, USA). Ethical clearance was obtained 
from the University of Zambia Biomedical 
Research Ethics Committee (UNZABREC).  
 
RESULTS 
A total of 20 participants who met the 
inclusion criteria consented and were 
recruited to the study. Their overall 
demographic and laboratory results are shown 
in Table 1. Most abundant HIV-1 co-receptors 
in the penile prepuce of a participant are the 
CD 195 compared to the CD 184 and that the 
densities for these two types of co-receptors 
are higher in adults with past history of 
ulcerative STIs than those without history of 
ulcerative STIs.  
 
Table 1: Overall Results of Participants Recruited 
Age  Number of CD 195 
Receptors/mm2 
Number of CD 184 
Receptors/mm2 
Neonates    
15 days 19 8 
19 days 8 6 
20 days 18 7 
22 days 11 9 
25 days  9 5 
Adults with STIs   
16 yrs 90 30 
18 yrs 88 20 
19 yrs  80 23 
20 yrs 79 25 
21 yrs 56 19 
Adults without STIs   
18 yrs 32 18 
19 yrs 35 13 
20 yrs 62 24 
21 yrs 43 17 
22 yrs  30 13 
22 yrs  40 14 
23 yrs 49 26 
26 yrs 55 23 
25 yrs 25 22 
26 yrs 50 16 





Figure 1: Frequency of HIV-1 CD 195 Co-receptor on Penile Prepuce. The average (mean) HIV-1 CD 195 receptor density 
was 43.95±26.09/mm2 for all the 20 participants.  
 
Figure 2: Frequency of HIV-1 CD 184 Co-receptor on Penile Prepuce. The average (mean) HIV-1 CD 184 receptor density 
was 16.9±7.348/mm2 for all the 20 participants.  
 
The mean (average) CD 195 density in 
neonates was 13±5.148/mm2 (Table 2). For 
adults without past history of ulcerative STIs, 
the CD 195 mean density was 
42.1±11.874/mm2. The calculated P-value 
was 0.000 which was statistically significant 
with a confidence interval of 95%. This 
analysis indicates that the CD 195 co-receptor 
density in the penile prepuce was three (3) 
times higher in adults without past history of 
ulcerative STIs than in neonates.  
The mean (average) CD 195 density in 
neonates was 13±5.148/mm2 (Table 3). For 
adults with past ulcerative STIs, the CD 195 
mean density was 78.6±13.520/mm2. The 
calculated P-value was 0.000 which was 
statistically significant with a confidence 
interval of 95%. This analysis indicates that 
the CD 195 co-receptor density in the penile 
prepuce was six (6) times higher in adults 
with past history of ulcerative STIs than in 
neonates.  
The mean (average) CD 195 density in adults 
without history of ulcerative STIs was 
42.1±11.874/mm2(Table 4). For adults with 
past ulcerative STIs, the CD 195 mean density 
was 78.6±13.520/mm2. The calculated P-
value was 0.000 which was statistically 




significant with a confidence interval of 95%. 
This analysis indicates that the CD 195 co-
receptor density in the penile prepuce was 
almost two (2) times higher in adults with 
past history of ulcerative STIs than in adults 
without past history of ulcerative STIs. 
The mean (average) CD 184 density in 
neonates was 7±1.581/mm2 (Table 5). For 
adults without past history of ulcerative STIs, 
the CD 184 mean density was 
18.6±4.812/mm2. The calculated P-value was 
0.000 which was statistically significant with a 
confidence interval of 95%. This analysis 
indicates that the CD 184 co-receptor density 
in the penile prepuce was almost three (3) 
times higher in adults without past history of 
ulcerative STIs than in neonates.  
 
The mean (average) CD 184 density in 
neonates was 7±1.581/mm2 (Table 6). For 
adults with past ulcerative STIs, the CD 184 
mean density was 23.4±4.393/mm2. The 
calculated P-value was 0.000 which was 
statistically significant with a confidence 
interval of 95%. This analysis indicates that 
the CD 195 co-receptor density in the penile 
prepuce was almost three (3) times higher in 
adults with past history of ulcerative STIs 
than in neonates. The mean (average) CD 
184 density in adults without history of 
ulcerative STIs was 18.6±4.812/mm2 (Table 
7). For adults with past ulcerative STIs, the 
CD 184 mean density was 23.4±4.393/mm2. 
The calculated P-value was 0.084 which was 
not statistically significant.  The results 
showed that there was no statistical 
difference in the CD 184 co-receptor density 
in the penile prepuce of adults with past 
history of ulcerative STIs and adults without 
past history of ulcerative STIs suggesting no 
marked mobilization of CXCR4 during 
ulcerative inflammatory response.  
 
Table 2: Relationship of CD195 Receptor Density in Neonates vs Adults without STIs 




Neonates 5 13.00        5.148 0.000 
Adults without past STIs 10 42.10 11.874 
 
Table 3: Relationship of CD195 Receptor Density in Neonates vs Adults with STIs 




Neonates 5 13.00         5.148 0.000 
Adults with STIs 5 78.60 13.520  
 
Table 4: Relationship between CD195 (CCR5) Receptor Density and STI status 




Negative 10 42.10 11.874 0.000 
Positive 5 78.60 13.520 
 
Table 5: Relationship between CD184 Receptor Density in Neonates vs Adults without STIs 





Neonates 5 7.00 1.581 0.000 
Adults without STIs 10 18.60 4.812 




Table 6: Relationship of CD184 Receptor Density in Neonates vs Adults 
with STIs 
  Age N Mean  SD P-Value 
CD184 receptor 
densities (per mm2) 
Neonates 5 7.00 1.581 0.000 
Adults with STIs 5 23.40 4.393 
 
Table 7: Relationship between CD184 Receptor Density and STI status 
  Participants STI status N Mean  Standard deviation P-Value 
CD184 receptor 
densities (per mm2) 
Negative 10 18.60 4.812 0.084 




Our current study showed that the frequency 
of CD 195 and CD 184 on the penile prepuce 
was not the same regardless of age and 
history of previous ulcerative sexually 
transmitted infections (STIs).  
For all the 20 participants, the CD 195 mean 
density was found to be 43.95±26.09/mm2 
while that of CD 184 the mean density was 
16.9±7.348/mm2. This demonstrated that CD 
195 co-receptors are the most abundant 
compared to CD 184 co-receptors in the 
penile prepuce. This could suggest that most 
strains of HIV-1 enter cells using the CD 195 
co-receptor.   
These findings are consistent with the results 
of a study done in Australia by McCoombe et 
al, 2006, who in their study of potential HIV-1 
target cells in the human penis found that the 
mean densities of CCR5 (CD 195) and CXCR4 
(CD 184) in the outer foreskin were 33/mm2 
and 12/mm2 respectively. The inner foreskin 
mean densities were found to be 28/mm2 for 
CD 195 co-receptor and 2/mm2 for CD 184 
co-receptor. 
Although the actual co-receptor densities 
differ between this study and that of 
McCoombe et al, 2006, they both 
demonstrate that CCR5 co-receptors are the 
most abundant compared to the CXCR4 co-
receptors on the male prepuce.   
Other studies also showed that the foreskin 
immune cells express predominantly CCR5 
HIV-1 co-receptors (Patterson et al., 2002; 
Wright et al., 2011).   
From our study, the age of the participant had 
an influence on the density of both CD 195 
and CD 184 co-receptors on the penile 
prepuce in a significant manner.  
The mean density of CD 195 in neonates was 
found to be 13±5.148/mm2. Comparing the 
CD 195 mean density in neonates with that of 
adults without past history of ulcerative STIs 
which was found to be 42.1±11.874/mm2, the 
calculated P-value was 0.000 which was 
statistically significant with a confidence 
interval of 95%. This analysis indicated that 
the CD 195 co-receptor density in the penile 
prepuce was three (3) times higher in adults 
without past history of ulcerative STIs than in 
neonates.  
For adults with past ulcerative STIs, the CD 
195 mean density was 78.6±13.520/mm2. 
Comparing this with the CD 195 mean density 
found in neonates, the calculated P-value was 
0.000 which was statistically significant with a 
confidence interval of 95%. This analysis 
indicated that the CD 195 co-receptor density 
in the penile prepuce was six (6) times higher 
in adults with past history of ulcerative STIs 
than in neonates suggesting an increased 
mobilization during inflammation.  




A similar pattern of density of CD 184 in 
neonates versus adults was found to be the 
same as that of CD 195. The CD 184 co-
receptor density in the penile prepuce was 
higher in adults with and without past history 
of ulcerative STIs than in neonates.  
The mean CD 184 density in adults without 
history of ulcerative STIs was 
18.6±4.812/mm2 while that of adults with 
history of ulcerative STIs was 
23.4±4.393/mm2. For the neonates the CD 
184 mean density was found to be 
7±1.581/mm2. When the CD 184 mean 
densities for both neonates versus adults 
without history of ulcerative STIs and 
neonates versus adults with history of 
ulcerative STIs were compared, the calculated 
P-value for both categories was found to be 
0.000 which was statistically significant with a 
confidence interval of 95%. However, there 
was no significant increase of CXCR4 co-
receptors on past inflammatory ulcerative STI 
foreskin.  
The study shows that neonates have a lower 
HIV-1 co-receptor density than adults. This 
could be attributed to the fact that the 
neonatal foreskin is less subjected to a 
number of inflammatory responses. Various 
studies (Anderson et al, 2011; Fleming et al, 
1999; Hirbod et al, 2014) report that attrition 
forces on the foreskin or ulcerative STIs can 
cause abrasions, tears or ulcers on the 
foreskin which cause inflammation, bringing 
more HIV-1 high affinity target cells to the 
foreskin and later lead to greater risk for 
acquisition, infection and transmission of HIV.  
Circumcision therefore may decrease HIV-1 
infection. This is possibly due to the reduction 
of potential target cells as well as an inflamed 
environment that recruits possible HIV-1 high 
affinity target cells to the foreskin (Maibvise et 
al, 2014; McCoombe et al, 2006; Parana et al, 
2014; Szabo et al., 2000; Weiss et al., 2000).  
Uncircumcised adolescents and those in early 
twenties are thus at a greater risk of 
acquisition and infection of HIV. This is 
because many young men are involved in 
sexual debut and engagement in high risky 
sexual behaviour such as multiple sexual 
partners, having sex while under the influence 
of drugs or alcohol and having unprotected 
sexual intercourse (Shisana et al, 2014).   
Our study further showed that past history of 
ulcerative STIs had a greater impact on the 
density of CD 195 and not the CD 184 co-
receptors on the penile prepuce.  
The mean CD 195 density in adults without 
history of ulcerative STIs was found to be 
42.1±11.874/mm2. For adults with past 
ulcerative STIs, the CD 195 mean density was 
78.6±13.520/mm2. The calculated P-value 
was 0.000 which was statistically significant 
with a confidence interval of 95%. This 
analysis indicated that the CD 195 co-receptor 
density in the penile prepuce was almost 
double in adults with past history of ulcerative 
STIs than in adults without past history of 
ulcerative STIs.  
When the mean density of CD 184 was 
analysed, it was found that the CD 184 co-
receptor density in the penile prepuce was 
slightly higher in adults with past history of 
ulcerative STIs than in adults without past 
history of ulcerative STIs. The mean CD 184 
density in adults without history of ulcerative 
STIs was found to be 18.6±4.812/mm2 while 
that of adults with past ulcerative STIs, the 
CD 184 mean density was 23.4±4.393/mm2. 
The calculated P-value was found to be 0.084 
which was not statistically significant. This 
indicates that the history of an ulcerative STI 
on the foreskin may not increase the 
expression of CXCR4 co-receptors 
significantly. This explanation is supported by 
some studies that have reported that certain 
STIs like Treponema pallidum or bacterial 
lipopolysaccharides can down-regulate CXCR4 
expression on monocytes in an in vitro model 
and in a human skin blister fluid system 
(Sampson et al., 1996; Sellati et al., 2000).  
The findings of this study on the expression of 
HIV-1 co-receptors on the previously STI 
ulcerated foreskin is consistent with a study 
done by Jeanne et al, 2007, examined the 
expression of HIV-1 co-receptors (CCR5 and 
CXCR4) by monocytic cells within human 
genital ulcers. The research concluded that 
monocytes recruited to genital ulcer disease 
(GUD) sites express increased levels of CCR5. 
This increased expression could account, at 




least in part, for enhanced HIV-1 transmission 
in the setting of GUD. 
Further, the fact that this study showed that 
individuals who had past history of ulcerative 
STIs have a higher density of HIV-1 co-
receptors on their penile prepuce than those 
who never had such a history therefore 
means that uncircumcised individuals with 
history of ulcerative STIs maybe more 
susceptible to acquisition and infection of HIV-
1 via the penile prepuce than uncircumcised 
individuals without history of ulcerative STIs. 
These findings are supported by various past 
studies. A study done by Anderson et al., 
(2011), reviewed and discussed the potential 
mechanisms underlying the circumcision 
effect and re-examined the assumption that 
the foreskin is the principle penile HIV 
infection site. They concluded that ulcerative 
STIs increase the susceptibility to HIV 
acquisition by eroding the protective epithelial 
layer and by attracting and activating HIV 
target cells in the epithelium. Another study 
by Cameron et al, 1989, showed that the 
acquisition of HIV was highly associated with 
having genitourinary ulcerative disease 
(GUD), being uncircumcised, and having 
frequent contact with sex workers. In their 
study, men who reported a single contact 
with sex workers, and who had 
seroconverted, all had genital ulcers. Galvin 
and Cohen, 2004, in their extensive review 
demonstrated that persons with STIs that 
cause ulcers and inflammation are more 
vulnerable to HIV than healthy individuals. 
According to Fleming et al, (1999), the 
adjusted risk ratio for HIV acquisition and 
infection for a person with GUD ranges from 
2.2 to 11.3, whereas with non-ulcerative STIs 
it is 3-4. Dickerson et al, 1996, reported that 
associations of ulcerative STIs versus HIV 
acquisition and infection persisted in most 
cases even after adjusting for sexual 
behaviour and other confounding factors. 
This research therefore concludes that the 
foreskin with a previous ulcerative STI had 
significant presence of CCR5 co-receptors 
than CXCR4 co-receptors and hence HIV-1 
infection could more likely be acquired and 
transmitted by the R5-dependent (M-tropic) 
strains of HIV-1 than X4-dependent (T-cell 
tropic) strains of HIV-1. The beta-chemokine 
receptor CCR5 is the principal co-receptor for 
the R5 strains of HIV whereas the X4 strains 
of HIV-1 exploit the a-chemokine receptor 
CXCR4 (Dragic et al, 1996).  Despite male 
circumcision been done in Zambia, no work 
on the density of HIV-1 co-receptors in the 
penile prepuce of neonates and adults using 
immunohistochemistry has been published. 
Hence, the strength of our study is that it is 
an insightful study that could be used as a 
baseline study for future works in Zambia. 
The immunohistochemistry reagents were 
very expensive and the finances for the 
research were limited. This prevented 
recruiting a very big sample size of 
participants. Furthermore, this limitation 
hindered the study from looking at not only 
the HIV-1 co-receptor density but also the 
distribution of these receptors in the 
foreskins.     
However, from our research findings, we 
recommend more robust campaign measures 
by the authorities in Zambia (e.g. Ministry of 
Health, Non-Governmental Organizations like 
Centre for Infectious Disease Research in 
Zambia) for more men to undergo male 
circumcision. These measures can be 
integrated heavily with other reproductive 
health services.  
In conclusion, we concluded that both CCR5 
and CXCR4 HIV-1 co-receptor density was 
found to be higher in adults compared to 
neonates. The CCR5 co-receptor density was 
almost two-fold while that of CXCR4 had an 
insignificant difference in adults with past 
history of ulcerative STIs compared to those 
without history of ulcerative STIs. CCR5 co-
receptors were found to be more abundant 
than the CXCR4 co-receptors in the penile 
prepuce regardless of age and previous STI 
status. Since the CCR5 co-receptors were the 
most abundant, they could be the major entry 
route for HIV-1 in indigenous black males in 
Zambia. Furthermore, uncircumcised 
individuals with history of ulcerative STIs 
could be more susceptible to acquisition, 
infection and transmission of the R5 strains of 
HIV-1 on the penile prepuce than 




uncircumcised individuals without history of ulcerative STIs. 
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